To investigate whether the survival results after resection of hepatocellular carcinoma (HCC) have improved within the past decade by an analysis of a prospective cohort of patients over a 10-year period.
Objective
To investigate whether the survival results after resection of hepatocellular carcinoma (HCC) have improved within the past decade by an analysis of a prospective cohort of patients over a 10-year period.
Summary Background Data
The surgical death rate after resection of HCC has greatly improved in recent years, but the long-term prognosis remains unsatisfactory. It remains unknown whether the survival results after resection of HCC have improved within the past decade.
Methods
The clinicopathologic and follow-up data of 377 patients who underwent curative resection of HCC between January 1989 and January 1999 were prospectively collected. These patients were categorized according to two time periods: before 1994 (group 1, n ϭ 136) and after 1994 (group 2, n ϭ 241). The two groups were compared for clinicopathologic data and survival results. The prognostic factors for disease-free survival were further analyzed to identify the factors that might have led to improved survival outcomes.
Results
The overall and disease-free survival results were significantly better in group 2 compared with group 1. Patients in group 2 had significantly higher proportions of subclinical presentation, small tumors, and tumors of early pTNM stage. There were also significantly lower frequencies of histologic margin involvement, less intraoperative blood loss, and a lower transfusion rate in group 2. By multivariate analysis, early pTNM stage, subclinical HCC, and no perioperative transfusion were independent favorable prognostic factors for disease-free survival.
Conclusions
Significant improvement of overall and disease-free survival results after resection of HCC has been achieved within the past decade as a result of advances in the diagnosis and surgical management of HCC. Earlier diagnosis of HCC by better imaging modalities, increased detection of subclinical HCC by screening of high-risk patients, and a reduced perioperative transfusion rate were identified as the major contributory factors for the improved outcomes.
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, and it is notorious for poor prognosis because of its invasiveness and frequent associa-tion with cirrhosis. Although liver transplantation has been established as an alternative curative treatment for HCCs of less than 5 cm, 1 its application is limited by the lack of donors, not only in Asia but also in Western countries. 2, 3 Hepatic resection remains the treatment of choice for HCC. The role of surgical resection is becoming more important as advances in diagnostic imaging and wider use of screening programs have allowed early detection of small resectable HCCs. 4, 5 During the past decade, hepatic surgeons have focused much effort on improving the surgical techniques and peri-operative management for resection of HCC, resulting in greatly improved perioperative outcomes. By the end of the 1990s, studies from our institution and others have demonstrated that a zero hospital or surgical death rate could be achieved in large series of patients. 6, 7 However, less progress has been made in the long-term prognosis after resection of HCC, which remains unsatisfactory. In particular, disease-free survival has been poor because of a high incidence of recurrence. A 5-year cumulative recurrence rate of 80% to 100% has been reported in recent series. 8 -11 Several reports in the 1990s from Eastern and Western centers have documented a 5-year overall survival rate of 26% to 44% after resection of HCC, 3, [12] [13] [14] [15] [16] [17] [18] [19] which was apparently better than the 20% to 38% reported in the 1980s. 20 -22 However, few studies have investigated whether there was significant improvement in the survival results in individual centers. 15, 16 Whether the prognosis after hepatectomy for HCC has improved within the past decade remains to be clarified.
With the goal of continuously improving the outcome after hepatic resection of HCC, we have been prospectively collecting the survival data of all patients after resection of HCC in our institution since 1989. This study evaluated whether there was significant improvement in the survival results after resection of HCC by an analysis of a prospective cohort of 377 patients over a 10-year period.
METHODS
Between January 1989 and January 1999, 399 patients underwent hepatectomy for HCC in the Department of Surgery at Queen Mary Hospital, Hong Kong, China. Twenty-two patients who had gross residual tumors after resection were excluded from this analysis. The other 377 patients who had resection with a curative intent, defined as macroscopically complete removal of the tumors, were the subjects of this study. They were categorized into two 5-year periods: before January 1994 (group 1, n ϭ 136) and after January 1994 (group 2, n ϭ 241).
Preoperative Diagnosis and Assessment
The preoperative diagnosis of HCC in our patients was based mainly on typical imaging findings on computed tomography (CT) and hepatic arteriography, together with a serum alpha-fetoprotein (AFP) level of more than 400 ng/mL in some patients. Dual-phase helical CT was available only after 1994, and there has been increasing use of magnetic resonance imaging in recent years as well. Needle biopsy was not performed in patients with resectable disease to avoid needle tract seeding of tumor cells. All HCCs were subsequently confirmed by histologic examination after resection.
The criteria for resectability were the same over the 10-year period: absence of distant metastasis, anatomically resectable disease as evaluated by imaging studies, absence of main portal vein or inferior vena cava tumor thrombus, and adequate liver function reserve. During the period 1989 to 1993, hepatic function assessment was based mainly on the Child classification. After 1994, hepatic function assessment was based largely on the indocyanine green clearance test. 23 
Surgical Techniques
The surgical techniques have been described in a previous report. 6 Briefly, after initial assessment of resectability, intraoperative ultrasound was routinely performed to detect any major vascular invasion or lesions in the contralateral lobe. After division of the inflow blood supply to the lobe or segment to be resected, parenchymal transection was performed using the finger-fracture technique between 1989 and 1992, and thereafter using an ultrasonic dissector. Intermittent Pringle maneuver was used to reduce bleeding if necessary. Hemostasis during parenchymal transection was achieved by diathermy coagulation, argon beam coagulation, and fine suturing. Blood transfusion was initiated when the hemoglobin level decreased to less than 8 g/dL. Meticulous attention was also paid to the preservation of function in the remnant liver by avoiding prolonged rotation, hypoxic injury, or venous congestion resulting from overloading of circulation. Hepatic resection was defined as major if three or more segments by the Couinaud classification were resected, 24 and minor if fewer than three segments were resected.
Adjuvant Therapy
Preoperative transarterial chemoembolization (TACE) was not used except in 18 patients who received TACE before referral to our center for hepatectomy. Thirty patients were recruited in a randomized trial of postoperative adjuvant chemotherapy from January 1991 to June 1995 and received a combination of intravenous epirubicin and transarterial lipiodolized cisplatin. 25 Another 14 patients received postoperative transarterial chemotherapy for histologic margin involvement. Otherwise, no postoperative adjuvant chemotherapy was given.
Follow-Up and Management of Recurrence
All patients were followed up monthly in the first year and thereafter quarterly, with regular monitoring of recurrence by serum AFP level and ultrasonography or CT of the liver. The diagnosis of recurrence was based on typical imaging findings on CT or arteriography, and if necessary percutaneous fine-needle aspiration cytology. Postoperative recurrence was managed aggressively using a multimodality approach detailed in a previous report. 26 Patients with anatomically resectable intrahepatic recurrence and adequate liver function reserve were managed by reresection, and those with unresectable recurrence were managed by either TACE or percutaneous ethanol injection therapy. Patients with isolated extrahepatic recurrence were also considered for surgical excision. 27 Systemic chemotherapy using intravenous epirubicin was offered to selected patients with widespread extrahepatic recurrence but good general condition. This policy of management for recurrence was consistently used over the 10-year study period.
Statistical Analysis
Preoperative clinical parameters, surgical data, postoperative course, pathologic data of resected specimens, and follow-up results have been prospectively collected in a computerized database since 1989. Hospital death was defined as death during the same hospital admission after surgery. Survival analysis was performed from the time of hepatic resection to the date of death or time of analysis (September 2000). All patients have been followed up for at least 20 months after surgery. Group 1 had been followed for a median of 98 months and group 2 for a median of 44 months by the time of analysis.
Continuous variables were expressed as mean Ϯ standard deviation and compared between groups by the unpaired t test. Categorical variables were compared by the chi-square test. Survival curves were computed using the Kaplan-Meier method and compared between groups using the log-rank test. Hospital death was included in the analysis of overall survival results but was excluded from the analysis of disease-free survival results. To elucidate factors that could have contributed to improved survival results, a further analysis was carried out to identify the prognostic factors for disease-free survival. Univariate and then multivariate analyses by the Cox proportional hazards model were performed on 19 factors of potential prognostic significance, which were all categorized as binary variables. These included nine clinical factors (age younger than or older than 60 years, sex, hepatitis B surface antigen status, subclinical or symptomatic presentation, serum AFP level Յ or Ͼ500 ng/mL, indocyanine green retention at 15 minutes Յ or Ͼ14%, Child grade A or B, any preoperative TACE, any postoperative chemotherapy), four surgical factors (major or minor resection, resection margin Յ or Ͼ1 cm, blood loss Յ or Ͼ2 L, any perioperative blood transfusion), and six pathologic factors (cirrhotic or noncirrhotic liver, tumor size Յ or Ͼ5 cm, histologic margin involvement, tumor encapsulation, venous invasion, pTNM stage I/II or IIIA/IVA 28 ). All statistical analyses were made using statistical software (SPSS, Inc., Chicago, IL). Statistical significance was defined as P Ͻ .05. Table 1 shows the comparison of the clinical, surgical, and pathologic data between the two groups of patients.
RESULTS

Clinicopathologic and Surgical Data
Patients in group 2 had a significantly higher proportion of subclinical HCC diagnosed by regular screening using ultrasound and AFP measurement in hepatitis B surface antigen carriers and patients with chronic hepatitis or cirrhosis when compared with group 1 (37% vs. 19%, P Ͻ .001). There were significantly higher proportions of small or early pTNM stage tumors in group 2. A further analysis revealed that subclinical HCCs had a significantly smaller average tumor size (4.6 Ϯ 2.8 vs. 9.0 Ϯ 4.5 cm, P Ͻ .001) and a higher frequency of early pTNM stage I or II tumors (68% vs. 39%, P Ͻ .001) compared with symptomatic HCCs.
Patients in group 2 also had a significantly lower frequency of histologic margin involvement (7% vs. 15%, P ϭ .016). There was a higher proportion of wide resection margin (Ͼ1 cm) in group 2, but the difference between the two groups was not statistically significant (49% vs. 40%, P Improving Survival After Resection of HCC ϭ .083). Another remarkable difference was the significantly reduced blood loss during surgery and hence blood transfusion rate (39 vs. 87%, P Ͻ .001) in the second half of the study. There were no significant differences in other clinicopathologic characteristics between the two groups.
Survival Results
The hospital death rate was reduced from 13.2% (18/136) in group 1 to 2.5% (6/241) in group 2 (P Ͻ .001). The overall survival results were significantly better in group 2 than group 1 (Fig. 1) . The median overall survival was 59.4 months (95% confidence interval [CI] 45.2-74.5) in group 2 and 31.2 months (20.9 -43.7) in group 1. The cumulative 1-, 3-, and 5-year overall survival rates were 82%, 62%, and 49%, respectively, for group 2 and 68%, 47%, and 36% for group 1.
The disease-free survival results after excluding hospital deaths were also significantly improved in group 2 compared with group 1 (Fig. 2) . The median disease-free survival was 18.3 months (95% CI 11.7-24.8) in group 2 and 6.9 months (4.2-9.7) in group 1. The cumulative 1-, 3-, and 5-year disease-free survival rates were 60%, 38%, and 25%, respectively, for group 2 and 42%, 23%, and 16% for group 1. By the time of analysis, recurrence had developed in 100 patients in group 1 and 148 patients in group 2. There was no significant difference in the survival after recurrence between groups 1 and 2 (median 16.8 vs. 15.0 months, P ϭ .168).
Because of the significant differences in the tumor size and pTNM stages between the two groups, a further comparison was made after stratifying patients in the two groups according to tumor size and pTNM stage to clarify whether the disease-free survival had improved for a specific tumor size or stage ( Table 2 ). The average tumor size in the subcategory of small tumors (Յ5 cm) was comparable between groups 1 and 2 (3.2 Ϯ 1.2 vs. 3.3 Ϯ 1.1 cm, P ϭ .761), as was the average tumor size in the subcategory of large tumors (10.1 Ϯ 3.7 vs. 9.9 Ϯ 3.3 cm, P ϭ .497). Significant improvement in the disease-free survival rates was observed in patients with large tumors, but not in those with small ones. The disease-free survival results appeared to have improved in all pTNM stages, but the difference was significant only for stage IIIA disease.
Prognostic Factors for Disease-Free Survival
Univariate analysis of prognostic factors for disease-free survival for the whole group of patients over the 10-year period revealed that 7 of the 19 evaluated factors had a significant prognostic influence (Table 3 ). After multivariate analysis, only pTNM stage (IIIA/IVA vs. I/II, risk ratio [RR] 1.962, 95% CI 1.615-2.474, P Ͻ .001), mode of presentation (symptomatic vs. subclinical, RR 1.460, 95% CI 1.102-2.014, P ϭ .012), and perioperative blood transfusion (transfused vs. not transfused, RR 1.326, 95% CI 1.054 -1.618, P ϭ .028) were the significant prognostic factors for disease-free survival.
DISCUSSION
Hepatic resection for HCC is now a safe procedure with a low surgical death rate as a result of technologic advances during the past decade. Improving the survival results has become the next important target in the surgical management of HCC. A previous study from our institution found no improvement in disease-free survival comparing the periods before and after 1987, but the overall survival has been significantly prolonged in the late 1980s and early 1990s as a result of better management of patients with recurrent disease. 16 The current study shows for the first time that not only have the overall survival rates improved, but there was also improving disease-free survival in the past decade.
By Kaplan-Meier analysis, both the overall and diseasefree survival curves of group 2 were significantly better than group 1, and the median overall and disease-free survival times in group 2 were significantly improved. The cumulative overall and disease-free survival rates also appeared to have improved substantially. However, the comparison of the long-term survival rates estimated by Kaplan-Meier analysis between the two groups must be interpreted with caution because the follow-up period for group 2 was shorter than for group 1. Whereas all patients in group 1 have either died or been followed up for more than 5 years, only a small proportion of the patients in group 2 had been followed up for 5 years or more by the time of analysis. With such a limitation, there is the potential for error in the comparison of 5-year survival rates.
The better overall survival outcomes in group 2 were due to both decreased early in-hospital deaths and increased long-term survival, particularly disease-free survival. With a policy of aggressive management of recurrent tumors in the recent 10 years, survival after recurrence has been substantially prolonged compared with a median survival of 3.5 months after recurrence in the 1980s, 16 but there was no significant difference in the survival after recurrence between the two groups in this study. Further improvement in this aspect requires more effective treatment for recurrent disease. An area to be studied for better management of intrahepatic recurrence is the combined use of percutaneous ethanol injection and TACE, which seems to produce better survival results than either treatment alone. 29 The improved survival observed during the 10-year period in this study was mainly due to increased disease-free survival.
The improved disease-free survival results in group 2 were, to a large extent, attributable to the higher frequency of early-stage tumors in this group. The pTNM stage of the tumor, which incorporates pathologic parameters such as tumor size and venous invasion, 28 was found to be the most significant prognostic factor for disease-free survival. Other authors have shown that the pTNM stage was an accurate determinant of long-term overall or disease-free survival after resection of HCC. 12, 14, 30 The availability of better imaging modalities in recent years has certainly led to an earlier diagnosis of HCC. Both helical CT and magnetic resonance imaging are useful in detecting small HCCs, particularly in a background of cirrhosis, because they can differentiate small HCCs from regenerative or dysplastic nodules. 31, 32 In group 2, there was a higher proportion of subclinical HCCs as a result of more widespread application of screening for hepatitis B carriers in our community, and thus increased referral of such patients to our center in recent years. Subclinical HCCs had a smaller size and earlier pTNM stage compared with symptomatic HCCs. However, Improving Survival After Resection of HCC subclinical presentation was found to be an independent favorable prognostic factor in addition to pTNM stage, which is surprising. The prognostic influence of subclinical presentation on the survival results after resection of HCC was seldom investigated in previous studies. Although the explanation is unknown, our finding might suggest that early tumors detected by regular screening in high-risk patients probably have a less malignant biologic behavior compared with tumors of similar size or pTNM stage that are detected after symptomatic presentation. Studies on the natural history of HCC have shown that it often has a long subclinical incubation period, during which it may grow slowly as a solitary mass before it turns into a more aggressive form with exponential growth. [33] [34] [35] A study has shown that the growth rate measured by tumor volume doubling time is a determining factor for survival after resection of small HCCs (Ͻ5 cm). 36 The growth rate of the tumor is a biologic factor that is not encompassed in the pTNM stage, and the slower growth rate of subclinical HCC may account for its independent prognostic influence. The efficacy of screening for subclinical HCC has been controversial. Some studies showed that regular screening of high-risk patients by serum AFP level and ultrasonography resulted in the detection of early HCC associated with better prognosis, 4, 5, 36, 37 whereas others failed to show an improved survival outcome with screening. 38, 39 This may be related to different patient populations and different regimens of screening in various studies. Our study clearly showed improved survival outcomes in patients with subclinical HCCs compared with those with symptomatic HCCs. Screening for subclinical HCCs in chronic hepatitis B carriers appears to be an effective strategy to improve the prognosis of HCC, although its cost-effectiveness requires further evaluation. Early diagnosis of HCC was a major but not the only factor that has accounted for the improved survival results in the latter half of the study period, because analysis after stratifying patients according to tumor size or pTNM stage also revealed improved disease-free survival rates. Significant improvement was observed in patients with large tumors or stage IIIA disease. The results in Table 2 suggest that group 2 had some early survival advantage in terms of 1-and 3-year disease-free survival rates, whereas the differences in the 5-year rates were less remarkable. Reduced perioperative transfusion, which was an independent prognostic factor for disease-free survival, appeared to be a factor that might have contributed to the improved early disease-free survival results. Other authors have shown a deleterious effect of blood transfusion on disease-free survival, presumably as a result of suppression of the host immune mechanism that results in enhanced early postoperative recurrence from intrahepatic or extrahepatic metastasis. 40, 41 The effect of perioperative transfusion is likely to be more prominent after resection of large or advancedstage tumors, which are more prone to early recurrence from intrahepatic or extrahepatic spread. 42 The markedly reduced intraoperative blood loss and transfusion rate in the latter half of the study period was the result of both technologic advances and the increased experience of the surgical team. Use of the ultrasonic dissector has been shown to reduce blood loss compared with the finger-fracture technique in our experience. 43 Further improvement in the disease-free survival may be expected with the continuous evolution of surgical techniques toward "bloodless" hepatectomy for HCC, with the ultimate target of a zero transfusion rate.
Another factor that could affect the disease-free survival after resection of HCC is the surgical margin. In group 2, there was a significantly lower frequency of histologic margin involvement, which was an adverse prognostic factor for disease-free survival by univariate analysis. Histologic involvement of margin is more likely when the resection margin is narrow. 44 Resection of HCC in group 2 was associated with a higher proportion of resection margins of more than 1 cm, although the difference compared with group 1 was not significant. The change of transection technique from finger-fracture to ultrasonic dissector enables a more precise transection plane and hence a wider resection margin. 43 However, it is unlikely that surgical margin has made a major contribution to the improved survival outcomes because the number of patients with histologic margin involvement in each group was small, and histologic margin involvement did not have an independent prognostic influence in multivariate analysis. Other studies also found that the resection margin was not an independent prognostic factor for resection of HCC. 14, 45, 46 A previous study from our institution has shown that a resection margin of 1 cm could not ensure disease clearance, because microsatellite or venous permeation is frequently present beyond 1 cm of the tumor. 47 Although multivariate analysis has helped to identify the clinicopathologic factors that might have contributed to the improved survival results, the exact significance of each of the three prognostic factors remains uncertain. The true significance of each factor is difficult to assess when interrelated factors are entered into the analysis, and one must bear in mind the limitation of this methodology when interpreting the results. To prove the relevance of the factors that were found to have significant influence on the diseasefree survival, each factor must be further evaluated in a prospective manner. It is also difficult to assess how much of the improved survival results can be ascribed to improved surgical techniques. Although our analysis suggested that reduced blood transfusion as a result of improved surgical techniques was a contributory factor for the improved outcomes, much of the improvement in survival results was due to the better prognosis of earlier disease detected by improved diagnostic imaging studies and screening for HCC in the latter 5-year period.
Adjuvant therapy to reduce recurrence is also a potentially useful approach in prolonging the disease-free survival after resection of HCC, but it had little impact on the survival results in this study. Neither preoperative chemo-embolization nor postoperative transarterial chemotherapy has been found to be of prognostic significance, although the number of patients who received these treatments was small. The efficacy of adjuvant therapy remains uncertain despite substantial research efforts in the past decade. A few retrospective studies have found that preoperative chemoembolization or postoperative transarterial chemotherapy might improve long-term results after resection of HCC. 48 -50 However, a limited number of prospective randomized trials, including one from our institution, have failed to show a survival benefit with either approach. 25, [51] [52] [53] [54] Before the efficacy of these adjuvant therapies is fully established, they cannot be recommended for routine use.
In conclusion, this study has shown a significant improvement in both overall and disease-free survival results in the past decade as a result of advances in the diagnosis and surgical management of HCC. Earlier diagnosis of HCC by better imaging modalities, increased detection of subclinical HCCs by screening programs in high-risk patients, and a reduced perioperative transfusion rate as a result of improved surgical techniques were considered to be the main factors contributing to the improved survival outcomes. Continuous advances along the direction of these strategies may enhance the prognosis. Further improvement in the long-term survival after resection of HCC also depends on research efforts to develop an effective adjuvant therapy in the coming decade.
